Species limits in the genus Oxymycterus have been controversial because of difficulties in detecting discrete morphological and cytogenetic variation. Several authors have considered many of the species described from Brazil to be conspecific with O. rufus, including O. dasytrichus described from Bahia. This tendency represents a null hypothesis for the species-level diversity within the genus. A recently proposed alternative hypothesis based on analyses of allopatric samples recognizes O. rufus and O. dasytrichus as valid species within rufus and dasytrichus species complexes, respectively. Two sympatric forms of Oxymycterus from Viçosa, Minas Gerais State, southeastern Brazil, are phenotypically similar to members of these 2 species-groups. Investigation on the status of these populations and their relationships to the rufus and dasytrichus complexes provided a test of the alternative hypothesis regarding diversity within the genus. Morphometric, morphological, and molecular (cytochrome-b DNA sequences) comparisons of samples representing the rufus, dasytrichus, and judex speciesgroups provided evidence that the 2 sympatric forms from Viçosa are distinct evolutionary units, one related to the dasytrichus species-group and the other to the rufus species-group. The structures of morphological and molecular variation within each species-group supported an isolation-by-distance model of phenotypic differentiation in the rufus group, and a smooth pattern of phenotypic differentiation along a north-south axis in the dasytrichus group. The relevance of these patterns for species delimitation within these groups and the validity of O. dasytrichus and O. rufus are discussed.
Representatives of the neotropical rodent genus Oxymycterus are common components of mammalian communities in middle latitudes of South America. The multiplicity of habitats they occupy parallels the taxonomic diversity within the genus, with a total of 25 nominal forms described (Hershkovitz 1994 (Hershkovitz , 1998 Hoffmann et al. 2002) . Taxonomy within the genus has been controversial because of difficulties in detecting discrete morphological and cytogenetic variation, leading some authors to consider some of the nominal forms to be conspecific (Burmeister 1854; Cabrera 1961; Hershkovitz 1994; Musser and Carleton 1993; Reig 1987; Vittulo et al. 1986 ).
Two recent reviews have attempted to delineate a supraspecific structure in the genus. Hershkovitz (1994) divided the genus into Atlantic and Andean geographic divisions, which were further partitioned into 3 size classes (small, medium, and large), based on 3 external and cranial measurements of type specimens and selected series of 23 nominal forms. Most of the Atlantic nominal forms, including O. dasytrichus, O. rostellatus, O. hispidus, O. angularis, O. judex, and O. misionalis, were regarded as junior synonyms of O. rufus (Hershkovitz 1994:36) . According to this view, O. rufus, described by Azara (1801) on the basis of a specimen from an unknown locality in Paraguay, would be widely distributed along the eastern coast of Brazil. Oliveira (1998) recently proposed an alternative supraspecific arrangement of the genus. Most of the Atlantic nominal forms were recognized as different species belonging to morphologically and, to some extent, geographically distinct species-groups. Samples belonging to Hershkovitz's large size class from eastern Brazil were arranged in 3 species-groups, * Correspondent: prg@acd.ufrj.br Ó 2004 American Society of Mammalogists www.mammalogy.org namely dasytrichus, judex, and angularis, whereas the rufus group included a morphologically cohesive assemblage of samples from northeastern Argentina. Consequently, dasytrichus was segregated for the 1st time from rufus, in contrast to the expanded concept of this species suggested originally by Burmeister (1854) and later by Hershkovitz (1994) . Hershkovitz's (1994) broad definition of O. rufus was based on the assumption that size can be a major marker of taxonomic identity. This concept was challenged by Oliveira's (1998) review, in which a size-free delimitation of evolutionary units revealed several roughly allopatric species-groups. However, under a biological species concept, delimitation of species based on allopatric samples produces preliminary considerations about species diversity, because reproductive isolation cannot be strongly inferred (Mayr 1963) . In addition, a species may show some morphological and genetic differentiation of its peripheral populations due to gene-flow discontinuity related to geographic distance (Mayr and Ashlock 1991; Wright 1943 ). Thus, lack of geographically intermediate samples could provide misleading patterns of character differentiation among populations (de Queiroz and Good 1997) . A more powerful inference of species boundaries is achieved through analysis of sympatric samples (Frost and Hillis 1990) . The maintenance of discontinuities in noncorrelated characters among representatives of 2 sympatric populations may provide direct evidence of genetic cohesion and reproductive isolation (Mayr and Ashlock 1991; Sites and Crandall 1997) .
Two sympatric morphotypes of Oxymycterus have been reported from a secondary forest fragment in Viçosa, Minas Gerais State, Brazil (Lessa et al. 1999; Paglia et al. 1995) . The taxonomic identities of these forms have been uncertain and the main distinction between them so far is pelage color. One morphotype is dark brown, whereas the other is predominantly reddish brown. These phenotypes are found in 3 species-groups of southeastern Brazil and eastern Argentina (rufus, dasytrichus, and judex groups-Oliveira 1998), suggesting a putative relationship of the sympatric samples with members of these groups. Therefore, an evaluation of the relationships among sympatric samples and these species complexes could provide a more reliable assessment of the validity of these groups as distinct taxonomic units.
In this paper, we clarify the morphological and genetic boundaries of these sympatric forms, providing a framework to test Hershkovitz's (1994) null hypothesis of conspecificity of most Atlantic nominal forms. In addition, we compare the sympatric samples with representative samples of the dasytrichus, rufus, and judex species-groups recognized for eastern Brazil and Argentina, to assess their taxonomic identities. Finally, the taxonomic relevance of the patterns of geographic variation within the rufus and dasytrichus species-groups and the validity of O. dasytrichus and O. rufus are discussed.
MATERIALS AND METHODS
Samples.-In addition to the 2 sympatric samples from Viçosa, Minas Gerais (sample Red ¼ reddish individuals; sample Dark ¼ dark-brown individuals), specimens from 30 localities from eastern Brazil and northeastern Argentina (Appendix I) were organized on the basis of geographic distances into 14 large (n . 8) geographic samples (Fig. 1) . These large samples were assigned to the dasytrichus, rufus, and judex species-groups by following morphological and geographic definitions of Oliveira (1998) . We targeted our analyses to these species-groups guided by phenotypic similarity and geographical proximity to the sympatric forms. Each large sample was treated as an operational taxonomic unit in morphological analyses and represented by individual haplotypes in molecular analyses. This procedure allowed us to test the consistency of the species-groups proposed by Oliveira (1998) , because different sets of samples and characters (DNA sequences) were used. The rufus group was represented in morphological analyses by 7 large samples (Arroyo, Berazategui, Corrientes, Delta, Ensenada, Tornquist, and Ventana) distributed throughout northeastern Argentina; the dasytrichus group encompassed 6 large samples (Ilha, Passos, Parati, Santa Teresa, Ubatuba, and Venda Nova) from southeastern Brazil, and the judex group FIG. 1.-Localities of large and small geographic samples of Oxymycterus from South America: J locality of sympatric forms; l localities considered only in morphological analyses; localities considered in both morphological and molecular analyses; s localities considered only in molecular analyses; w type locality of O. dasytrichus (locality 29). Large samples-rufus group: Arroyo (localities 1-5), Berazategui (6), Delta (7), Ensenada (8), Tornquist (9), Ventana (10), Corrientes (11-13); dasytrichus group: Ilha (14), Parati (15, 16), Ubatuba (17), Santa Teresa (18), Venda Nova (19), Passos (20); judex group-Teresópolis (21). Small samples that were allocated a posteriori to large samples of rufus and dasytrichus groups-Bahia (23, 24), Córdoba (25, 30) , Rios (26, 27) , San Luis (28). See Appendix I for detailed description of samples.
comprised 1 large sample (Teresópolis) from Rio de Janeiro State, Brazil ( Fig. 1 ; Appendix I).
Samples of ,7 individuals were considered too small to be included in the multivariate statistical analyses and were posteriorly allocated to large samples on the basis of qualitative morphological comparisons and molecular analyses. These samples included Argentinean specimens from provinces of Córdoba, San Luis, and Entre Rios (sample Rios)-the type locality of O. rufus as restricted by Hershkovitz (1994) ; and Brazilian specimens collected near the type locality of O. dasytrichus (sample Bahia; Fig. 1 ). All data were obtained from recently collected specimens as well as from specimens already available in museum collections (Appendix II). We followed American Society of Mammalogists guidelines for specimen collection and preservation (Animal Care and Use Committee 1998) .
Morphological analyses.-We made 20 cranial and dental measurements with a digital caliper accurate to 0.01 mm. Definitions of these characters can be found in DeBlase and Martin (1981) and Carleton and Musser (1989) , and they are illustrated in Fig. 2 . All measurements were log-transformed before multivariate statistical analyses. Missing values for craniometric variables were estimated by the expectation-maximization method (Strauss et al. 2003) . Only specimens with erupted functional (worn) molars were used in morphometric analyses.
The morphometric similarities in shape and size variation among the sympatric forms and the 14 large samples were assessed in a sizefree canonical variate analysis, which corrects for the misleading influence of ontogenetic growth in the intergroup discrimination patterns (Reis et al. 1990 ). Ontogenetic growth was removed by calculating the regression residuals of the 20 variables in relation to the 1st principal component, computed on a pooled within-group principal component analysis (Reis et al. 1990 ). The among-groups and withingroups covariance matrices used in the size-free discriminant analysis were then calculated on the basis of the size-adjusted character matrix.
Samples were represented in multivariate space by 95% confidence interval ellipses around centroids of discriminant scores to facilitate interpretation (Von Zuben et al. 1998) . The contribution of the characters to each size-free discrimination function was evaluated by Pearson product-moment correlation coefficients between log-character values and discriminant scores (Strauss 1985) . Squared Mahalanobis (D 2 ) distances among large samples also were obtained on the basis of the size-adjusted character matrix (size-adjusted Mahalanobis distances), and depicted in a dendrogram based on the unweighted pair-group method by using arithmetic averages (Sneath and Sokal 1973) . A bootstrap procedure (Efron and Tibshirani 1993) was employed to generate an empirical distribution for the Mahalanobis distances, which allowed estimation of significance levels for the distances computed between samples (H 0 : D 2 ¼ 0). All multivariate statistical analyses were performed on MatLab 4.3 (The MathWorks) by using the routines written by R. Strauss, which are available at the Internet site http://www.biol.ttu.edu/Strauss/Matlab/matlab.htm (last updated 29 September 1999, and accessed in 2001) .
Variation in cranial and external qualitative anatomical characters was documented in all geographic samples. Anatomical terminology for general skull character descriptions follows Carleton and Musser (1989) and Voss and Carleton (1993) , and intrapopulation polymorphisms are reported as relative frequency histograms (Wiens 1999) . The character definitions related to alisphenoid strut and palatal morphology follow Voss (1993) . Descriptions of external anatomy and fur-color variation follow Hershkovitz (1990) .
Sexual dimorphism in cranial morphometric variables was evaluated in a multivariate analysis of variance within the 7 larger geographic samples (Arroyo, Ilha, Dark, Tornquist, Ubatuba, Ventana, and Red). Because no significant differences (P . 0.10) between males and females were detected in any sample, individuals of both sexes were pooled for the remaining morphometric analyses.
Molecular analyses.-DNA was isolated from ethanol-preserved liver tissues by following Sambrook et al. (1989) . The initial 801 basepair fragment (codons 1-267) of the cytochrome-b gene (Cytb) was amplified by using primers MVZ05 and MVZ16 (Smith and Patton 1993) , through 35 cycles of denaturation at 948C for 1 min, annealing at 508C for 1 min, and extension at 728C for 1.5 min. MVZ05, MEU1 (Bonvicino and Moreira 2001) , and MVZ16 were used as sequencing primers in the same cycles and conditions as described by Smith and Patton (1993) . Sequences obtained from individuals of the selected geographic samples representing the rufus, dasytrichus, and judex species-groups were manually aligned and deposited in GenBank (Appendix II). In addition to the specimens sequenced in this study,
FIG. 2.-Cranial characters used in morphometric analyses of
Oxymycterus: GSL ¼ greatest skull length; NAL ¼ nasal length; NTL ¼ nasal tube length; DIL ¼ diastemal length; MRL ¼ molar tooth-row length; IFL ¼ incisive foramen length; PAL ¼ palatal length; PBL ¼ palatal bridge length; ROB ¼ rostral greatest breadth; AGB ¼ anterorbital greatest breadth; ZAB ¼ zygomatic arch greatest breadth; ZPB ¼ zygomatic plate breadth; BCB ¼ braincase breadth; IPL ¼ greatest length of interparietal; IPB ¼ greatest breadth of interparietal; LIB ¼ least interorbital breadth; ABB ¼ auditory bulla breadth; ROD ¼ rostral depth; BCD ¼ braincase depth; GLM ¼ greatest length of mandible.
haplotypes from O. nasutus and the recently described O. josei were included in the analysis (Appendix II). Both species are from regions adjacent to that of the rufus group, and O. josei has been related to O. rufus on molecular grounds (Hoffmann et al. 2002) . Their addition in the analysis allowed us to address species limits in the rufus group.
Pairwise sequence divergence was calculated as Kimura 2-parameter genetic distances (Kimura 1980 ) by using MEGA 2.0 (Kumar et al. 2000) . Phylogenetic relationships among geographic samples were inferred from maximum parsimony cladograms of Cytb haplotypes, obtained by the heuristic search option in PAUP* (version 4.0b2a -Swofford 1999) . Bootstrap analysis (Felsenstein 1985) with 1,000 replicates, each one with 100 random sequence additions, was performed to evaluate statistical support of nodes in the cladograms. Lenoxus apicalis (Rodentia, Sigmodontinae; GenBank accession number U03541) was used as outgroup.
RESULTS
Morphological variation and allocation of sympatric forms to species-groups.-The size-free canonical variate analysis revealed 3 major morphometric clusters dispersed along the 1st and 2nd size-free discriminant functions (Fig. 3A) , which summarize 83.6% of the size-adjusted variance. All craniometric characters are positively correlated with axis 1 (Table 1) , indicating intergroup size variation as the main source of discrimination among samples. The 1st group is composed of the dark specimens from Viçosa and 6 samples from southeastern Brazil (Passos, Ilha, Ubatuba, Venda Nova, Parati, and Santa Teresa) encompassing representatives of the dasytrichus species-group (Fig. 3) . The 2nd cluster comprises the reddish form from Viçosa (Red) and 7 Argentinian samples (Arroyo, Berazategui, Corrientes, Delta, Ensenada, Tornquist, and Ventana) representing the rufus group (Fig. 3) . The darkish form and the dasytrichus group diverge from the reddish form and the rufus group by having overall larger and more robust crania, with markedly larger characters related to the interorbital breadth, braincase width, interparietal shape, and nasal length (Table 1) .
The 3rd cluster is formed of specimens from Teresópolis, Rio de Janeiro State, Brazil, representing the judex group (Fig.  3) , which departs from the rufus and dasytrichus clusters on both discriminant functions. This cluster stands as a size intermediate between the clusters of the rufus and dasytrichus groups, and is characterized by gently larger nasal tube and palatal bridge as evidenced by the strong correlations of these characters with axis 2 (Table 1) .
The unweighted pair-group method using arithmetic averages dendrogram based on size-adjusted squared Mahalanobis distances corroborated the clustering of the darkish sympatric form within the dasytrichus group (Fig. 4) , and the similarity of the reddish sympatric sample with the representatives of the rufus group. The dark form grouped with the geographically adjacent samples Santa Teresa and Venda Nova, whereas the southern samples Ubatuba, Ilha, and Parati formed a 2nd subgroup. The reddish specimens grouped with Argentinian samples as a sister branch, followed by Corrientes and samples from Buenos Aires Province as more exclusive clusters. Sample Teresópolis remained as a divergent morphometric unit presenting greater similarity to samples of the dasytrichus group. Squared Mahalanobis distances among representatives of the 3 major groups were all statistically significant (P , 0.001), varying from 47.7 to 119, with the sympatric samples diverging by a distance of 56.9.
The 3 major morphometric groups could be generally diagnosed on the basis of qualitative character distributions. The palatine septum in the reddish form, as in representatives of the rufus group, has a thin, delicate ventral surface, giving this structure a keeled appearance in ventral view, whereas the septum of the darkish specimens and representatives of the dasytrichus group has a wider ventral surface. Specimens of the FIG. 3.-Size-free discriminant analysis among large samples of the sympatric forms, rufus, dasytrichus, and judex species-groups of Oxymycterus: A) plot of 95% confidence ellipses of 1st and 2nd size-free canonical scores (amount of variability explained by each canonical variate is in parentheses); and B) geographical representation of major groups defined by morphometric analysis.
judex group presented a thin palatine septum, but not so delicate or keeled as that presented by specimens of the rufus group.
Discrete variation among the geographic samples of Oxymycterus also was evident in the dorsal outline of nasals, related to the magnitude of their dorsal inflexion at the level of the incisors (Figs. 5A-E). The reddish form and samples from the rufus group had a relatively weak dorsal inflexion of the nasals, with the terminal portion not forming a plane parallel to the diastemal region, here termed the curved condition (Figs. 5A and 5B). Dark specimens and representatives of the dasytrichus group had well-expanded nasals characterized by a dorsal inflexion of the bone at incisor level (Figs. 5C and 5D), although an intrapopulation polymorphism was found in some samples (see below). The sample Teresópolis of the judex group had well-expanded nasals but with an enhanced anterior projection of the nasal tube, differing from the other 2 conditions (Fig. 5E) .
The shape of the interparietal varied among the 3 major groups, mainly due to the variation in transverse and longitudinal lengths (Figs. 5F-J). The reddish form and representatives of the rufus group had roughly triangular interparietals, generally reduced in both length and breadth (Figs. 5F and 5G). On the other hand, the dark form and members of the dasytrichus group had larger interparietals, expanded on their transverse axes and occasionally with a concave posterior margin (Figs. 5H and 5I) . Specimens of the judex group generally had large interparietals (Fig. 5J) , similar to those of dasytrichus specimens.
Lacrimals varied in shape and size among the 3 groups considered (Figs. 5K-5O ). The reddish sample from Viçosa and the Argentinian samples had a laterally reduced lacrimal (Figs. 5K and 5L), generally accompanying the antorbital wall, whereas the darkish specimens and the representatives of the dasytrichus and judex groups had more pronounced lacrimals (Figs. 5M-5O). Some dark specimens (25%) and some individuals from Passos (25%) showed lacrimal conditions similar to that of rufus samples, evidencing polymorphism for this character in the dasytrichus complex.
The small samples not included in the morphometric analyses were allocated to species-groups on the basis of qualitative cranial features. Sample Bahia was included in the dasytrichus group, whereas the Argentinian samples Rios, Córdoba, and San Luis were allocated to the rufus group. Therefore, the morphological analyses revealed 3 major phenetic groups of samples, which represent the rufus, dasytrichus, and judex species-groups, and indicated that the dark-colored and redcolored populations may be included as members of the dasytrichus and rufus groups, respectively.
Morphological variation within the rufus group.-The sizefree canonical variate analysis with 7 Argentinian samples of the rufus group and reddish individuals from Viçosa revealed the existence of 2 major clusters along axis 1 (Fig. 6A) . The 1st cluster is composed of the reddish individuals, whereas the 2nd includes all the Argentinian samples. The vector correlation coefficients between characters and discriminant functions (Table 2) revealed that the specimens of the sympatric reddish form are relatively larger in braincase breadth, interparietal length, and interparietal breadth, but have a contrastingly smaller palatal bridge length. Within the Argentinian cluster, a major differentiation along axis 1 separated Corrientes from the remaining samples from Buenos Aires Province. These last samples are distributed along a continuum of increasing size along axis 2 starting from the southernmost samples Arroyo, Ventana, and Tornquist. The Corrientes sample had larger Fig. 2 ) and canonical axes obtained in size-free canonical variate analysis (Fig. 3) skulls, with zygomatic plate breadth as the character that most contributed to its discrimination.
Most skulls (.50%) in all samples except Berazategui lacked a distinct alisphenoid strut on both sides (Fig. 7A) . The frequency distribution of the palatal conditions exhibited the highest variation among samples (Fig. 7B) , with the Brazilian reddish form characterized by a 100% frequency of individuals with a short palate (bony palate not extending beyond the 3rd molar line). Except for the samples Delta and Tornquist, the majority of individuals within the Argentinian samples displayed a long palate (bony palate extending beyond the 3rd molar line). Variation among the rufus-group samples also occurred in pelage color. Individuals in the samples Córdoba, Corrientes, Rios, and San Luis had a general cinnamon-yellow dorsal tone, produced by bright yellowish subapical bands intermixed with entirely dark hairs, whereas samples from Buenos Aires Province and Viçosa (reddish individuals) presented higher degrees of erythrism, with orange subapical bands and darker melanic dorsal hairs.
Morphological variation within the dasytrichus group.-A size-free canonical variate analysis of all samples of the dasytrichus group, including the dark sympatric population, revealed a major trend of differentiation along axis 1, which summarized 47.2% of the total size-adjusted variability. The southern samples Ilha, Parati, and Ubatuba slightly segregate from the western and northern samples from the states of Minas Gerais, Espírito Santo, and Bahia (Fig. 6B) , due mainly to an allometric increase in most cranial dimensions, which are positively correlated with axis 1 ( Table 2 ). The four samples from Minas Gerais and Espírito Santo, including the dark individuals, overlapped their ellipses extensively on axis 1 but were smoothly differentiated along axis 2. The main characters contributing to this discrimination axis are related to the palatal region (Table 2) , which is relatively larger in specimens from Venda Nova and smaller in individuals from Passos.
The alisphenoid strut conditions and palate morphology varied within and among geographic samples of the dasytrichus complex. The alisphenoid strut varied within the southern samples Ilha, Ubatuba, and Parati, and in the sample Passos, presenting all 3 conditions of occurrence of this structure (Fig.  7C) . The remaining samples showed a prevalence of specimens with the alisphenoid strut present on both sides (90%) and a few specimens with asymmetric conditions (10%). The frequency distribution of conditions of palatal morphology varied among samples. The prevailing condition was the short palate, present in more than 75% of the specimens (Fig. 7D) . Some specimens (,30%) in samples Ubatuba, Parati, Venda Nova, and Santa Teresa presented long palates. In general, qualitative characters were consistent with the morphometric cohesion of the group, providing evidence that although the frequencies of character states varied geographically, none of the geographic samples presented exclusive conditions (i.e., not shared by individuals from other samples).
Molecular analyses.-Molecular divergence levels varied hierarchically, with lower distance values (0-1.8%) recorded between haplotypes of the same population sample and higher values (7.5-11.2% ) between samples of different species and species-groups (Table 3) . These last distance values are comparable to those reported among recognized mammalian species (Bradley and Baker 2001; Smith and Patton 1993) . High divergence levels also were found between the sympatric samples (10.4-11%).
Genetic divergence among samples of the rufus group was generally lower than among samples of the dasytrichus group. The geographically distant reddish form differed from samples from Argentina by relatively low divergence values (1.5-3.1%); even lower distances (0.1-1.2%) separated the Argentinian samples from one another. O. josei also exhibited relative low distance values (1.7-2.7%) in comparisons with Argentinian samples of the rufus group and with the Brazilian reddish form (1.9-2.7%; Table 3 ). The comparisons among the southeastern Brazilian samples of the dasytrichus group (Venda Nova, Parati, Ilha, and the dark form) revealed a similar range of genetic distances (0.3-2.8%) as those revealed in comparisons within the rufus group. The comparisons involving the sample Bahia considerably amplified the heterogeneity of the group, because this sample differed from southeastern Brazilian samples by 6.3-7.5%.
In the maximum parsimony analysis, Cytb sequences provided 215 variable characters, of which 127 were parsimonyinformative. Two equally most parsimonious trees of 354 steps were obtained and represented by a strict consensus cladogram (Fig. 8) . The molecular phylogenetic analysis was congruent with morphometric and morphological evidence in revealing 3 monophyletic groups (Fig. 8 ) and the same grouping patterns for the sympatric samples and representatives of the dasytrichus and rufus species-groups. The dark form haplotypes grouped within the dasytrichus group although they did not form a monophyletic clade with respect to the Venda Nova sample. High bootstrap support (84%) was found for a clade containing the southernmost samples of the dasytrichus group (Parati and Ilha), in which the haplotypes of the island sample Ilha did not form a monophyletic group. Sample Bahia grouped faintly with southeastern samples (55%), providing marginal support for the monophyly of a dasytrichus group encompassing samples from southeastern and eastern Brazil.
Oxymycterus josei grouped consistently with the rufus group composed by Argentinian and Brazilian samples. Although the 2 most parsimonious trees always clustered the reddish form with the Argentinian samples, the bootstrap analysis revealed uncertainty for this clade, probably due to the similar divergence levels among O. josei, reddish form, and Argentinian samples. The Argentinian samples did not show geographically consistent grouping patterns, with Córdoba haplotypes presenting no monophyletic arrangement. The Teresópolis sample, representing the judex group, clustered as a sister-group of the rufus-O. josei clade, and O. nasutus grouped as a basal lineage within the genus.
DISCUSSION
Isolation by distance and identity of the reddish sympatric form.-Morphometric and maximum parsimony analyses in the rufus group revealed 2 clusters, 1 composed of the Argentinian samples and the other of the Brazilian reddish form. The Argentinian cluster showed marked variation in pelage characters, which had led Thomas (1914) to describe the deepreddish species O. platensis, compared to a paler specimen from Corrientes. Oliveira (1998) suggested a subspecific structure FIG. 6.-Size-free discriminant analyses within rufus and dasytrichus groups of Oxymycterus: A) 95% confidence ellipses of the reddish sympatric sample and representatives of the rufus group; and B) 95% confidence ellipses of the dark sympatric sample and representatives of dasytrichus group. Amount of variability explained by each canonical variate is given in parentheses. See Fig. 1 for abbreviations of geographic references to samples.
within O. rufus, containing rufus from Entre Ríos and Corrientes, platensis from Buenos Aires, and an undescribed form from Córdoba as subspecies. The addition of the Brazilian reddish form to the rufus group changes the taxonomic structure of this group. The reddish pelage of the individuals of this Brazilian sample is very similar to that of samples from Buenos Aires Province, including O. platensis topotypes (Ensenada), but morphometric analyses indicated that the Brazilian sample is the most differentiated population within the rufus group. In addition, the samples containing paler specimens (Córdoba and San Luis) showed low molecular divergence levels in relation to the markedly reddish individuals of Ensenada sample. Maximum parsimony analyses also revealed that the deep-reddishcolored forms from Brazil (Red) and Argentina (Ensenada) do not form a group distinct from the paler samples Córdoba and San Luis (Fig. 8) . Furthermore, 1 paler specimen (represented by Córdoba-2 in Fig. 8 ) is apparently as closely related to reddishcolored specimens (Ensenada) as to other paler specimens (Córdoba and San Luis). The incongruence between the pelage phenotypes and the hierarchical morphological and genetic structures of the rufus group suggests that the degrees of erythrism may have evolved independently at least twice and that pelage color does not identify phylogeographic units within this species-group. Smith et al. (2001) demonstrated that pelage and body size variation within rodent species complexes are likely to be influenced by ecological factors, providing a confusing basis for taxonomic definition. Therefore, disregarding pelage variation among the samples, the continuity of morphological characters and the low genetic divergence values (comparable to levels found within populations of sigmodontine rodents) indicate that these Argentinian samples are members of a single species.
The 2nd question regards the taxonomic status of the reddish form in relation to the Argentinian samples. This sample was found to be a differentiated unit in morphometric analyses; however, some qualitative morphological and molecular evidence indicates that the Brazilian sample is a recently isolated member of a single widely distributed species rather than an independent evolutionary lineage meriting species status. Although the reddish form has an apparently fixed shortpalate condition, this condition also is present in other samples from Argentina at varying frequencies. Thus, the frequency distribution of this character provides evidence for the differentiation of the reddish form at a population rather than a species level, because it does not show the uniqueness of character states required for unequivocal species recognition (Davis and Nixon 1992; Frost and Hillis 1990) . Likewise, the low genetic divergences between reddish form and the Argentinian samples (1.5-3.1%) indicate that the separation between these populations is too recent for the acquisition of unique morphologies. Such levels are commonly found among sigmodontine rodent populations recognized as belonging to the same species (Smith and Patton 1993) . In contrast, Hoffmann et al. (2002) recently reported a case of rapid morphological differentiation in Oxymycterus involving O. rufus and the newly described O. josei. These 2 forms were reported to diverge by consistent morphological characters despite presenting low divergence levels of cytochromeb sequences (1.7-2.7%; Table 3 ). This case and the patterns reported here suggest that the timing of morphological divergence among populations and species of the genus Oxymycterus may have varied considerably.
The congruence between morphometric differentiation and geographic distribution in our analyses suggests the geographic TABLE 2.-Product-moment correlation coefficients between morphometric characters (defined in Fig. 2 ) and discriminant axes in size-free canonical variate analyses (Fig. 6) separation of samples as a putative causal basis for the phenotypic divergence of the reddish form in relation to the Argentinian samples. To test these variation patterns against an isolation-by-distance model (Wright 1943) , we estimated sizeadjusted Mahalanobis distances among samples, which represents a multivariate measure of phenotypic distance, and assessed their correlation with linear geographic distances by a Mantel correlation test (Mantel 1967) . The strong correlation between phenotypic and geographic distances (r ¼ 0.90, P , 0.01) is consistent with the isolation-by-distance model of differentiation. According to this model, the marked morphometric divergence between the reddish form and Argentinian samples could be an artifact produced by the lack of geographically intermediate samples in the analysis (de Queiroz and Good 1997), specifically from the region between southeastern Minas Gerais and northeastern Argentina. Indeed, it is noteworthy that no museum specimens referable to the rufus group from this region have been located so far. Although this situation may result from unequal sampling in this region, it is also possible that populations of this species have been recently extirpated by habitat disruption. Further surveys within the gap between the known Brazilian and Argentinian populations of O. rufus may reveal scattered representatives of this species.
Clinal variation and identity of the dark sympatric form.-The morphometric discriminant analysis in the dasytrichus group revealed a continuum of differentiation along a northsouth axis, suggesting a clinal pattern of variation. A similar pattern of differentiation was obtained by Oliveira (1998) , but he did not rule out the influence of ontogenetic variation due to the bias towards adults in southern samples. Examination of molecular data revealed clades formed by the southern (Ilha and Parati) and northern (Venda Nova and Dark form) samples, indicating that the geographic differentiation revealed by the morphological analysis of the dasytrichus group has a phylogenetic basis. Nevertheless, the overall genetic divergence among these southeastern samples is relatively low, suggesting a recent geographic structuring of these populations. Even in comparisons between island and continental haplotypes, the absence of reciprocal monophyly between them and the low divergence values suggest that the isolation of the small rodent fauna of Ilha Grande, in the coast of the Rio de Janeiro State, is a relatively recent event, a hypothesis also supported by population genetics studies on other rodent species (e.g., Nectomys squamipes-Almeida 2000).
To verify the extent to which geographic structuring of populations has influenced phenotypic variability of southeastern samples of the dasytrichus group, we assessed the correlation between phenotypic similarity and geographic distance among samples (Mantel test) by using the same approach adopted above. Because a clinal pattern was apparent from the morphometric data, we would expect a pattern of among-sample differentiation related to the degree of geographic distance. In contrast, we found nonsignificant correlation between phenotypic and geographic distances (r ¼ 0.57, P ¼ 0.085), suggesting that the geographic structuring of southeastern populations of the dasytrichus group has not produced sufficiently stepped phenotypic differentiation, a hypothesis also supported by the low levels of sequence divergence.
The addition of the eastern Brazilian sample Bahia in the analysis decreases the support (bootstrap value ¼ 55%; Fig. 8 ) for a dasytrichus group encompassing coastal samples distributed from Bahia to southeastern Brazil. This is due to the amount of genetic differentiation shown by the Bahia sample in relation to samples from southeastern Brazil (6.3-7.5%; Table 3 ). Clarification of the taxonomic status of this sample in relation to the remaining samples of the dasytrichus group is crucial because it is the geographically nearest sample to Camamu, Bahia, the type locality of O. dasytrichus (Schinz 1821) . The paucity of specimens analyzed from the Bahia sample and the sampling gap between this and other samples of the group prevent further investigation of the question at the moment. Nevertheless, based on morphological comparisons, we interpret the populations referable to the dasytrichus group, ranging from Camamu, Bahia, to São Paulo State in southeastern Brazil, as constituting a single, widely distributed species. The northern and southern populations of this species may have experienced some degree of geographic isolation, resulting in a moderate amount of genetic differentiation among them. Future morphological and molecular analyses of larger samples from Bahia State as well as from intervening regions (southern Bahia and Espirito Santo State) will allow a more conclusive assessment of the integrity of the dasytrichus group.
Taxonomic implications.-Many of the problems regarding the taxonomy of O. rufus and O. dasytrichus are related to imprecise original descriptions and the lack of type specimens. O. rufus (Fischer 1814 ) was based on the specimen named ''rat roux'' in Azara (1801) . This description does not provide sufficient information for an unequivocal assignment of the ''rat roux'' to the genus Oxymycterus (e.g., Tate 1932; Thomas 1909) . Moreover, Azara (1801) did not mention the exact collecting locality of the specimen and stated that the description was based on a spoiled specimen with original morphological features probably altered. In a subsequent account, Azara (1802) provided a better diagnosis of a cinnamon-yellow rodent (''el hocicudo'') collected in the Rio Paraná at 328309S, which he considered conspecific with the rodent described as the ''rat roux'' in the 1801 edition. Although the 2nd description included measurements and more detailed morphological characterization of an Oxymycterus, Fischer's (1814) Mus rufus was based on the 1st account.
Mus dasytrichus was described by Schinz (1821) on the basis of a specimen collected in Camamu, Bahia, eastern Brazil. Wied (1826) subsequently described Hypudaeus dasytrichus on the basis of a specimen from Mucuri, southern Bahia, which he considered conspecific with the rodent described by Schinz (1821) . Avila-Pires (1965) designated a lectotype for H. dasytrichus from Rio Mucuri, but not for M. dasytrichus from Camamu, which bears the senior name and whose type is unknown (Oliveira 1998) . Despite the geographic distance between the type localities of O. rufus and O. dasytrichus, Burmeister (1854), without explicit reasons, proposed both species as synonyms when analyzing specimens from Teresópolis, Rio de Janeiro State. In the present study, the analysis of specimens from this region revealed that they are not related to either the rufus or the dasytrichus species complexes, corroborating the results found by Oliveira (1998), intrapopulation distances are shown in parentheses when more than 2 haplotypes were analyzed. Geographic samples are defined in Fig. 1 and Appendix I. 1.8 (1.7ÿ1.9) 9.6 (9.6ÿ9.7) 9.9 10 (9.9ÿ10.2) 9.9 (9.6ÿ10.3) 8.9 (8.9ÿ9) who assigned samples from this locality to the judex speciesgroup.
The allocation of the sympatric forms to O. rufus and O. dasytrichus, supported by morphological and molecular analyses, suggests the validity of these names as 2 discrete taxonomic units. This result refutes Hershkovitz's (1994) previous hypothesis of conspecificity of samples ranging from Argentina to the eastern coast of Brazil, supporting the alternative hypothesis proposed by Oliveira (1998) , in which they were recognized as distinct evolutionary units within the genus Oxymycterus. Hershkovitz (1994) argued that the occurrence of melanic and reddish individuals in samples of his Atlantic large size class could be related to intraspecific polymorphism (erythrism). This hypothesis is not corroborated by the analysis of the sympatric samples, which reveals differences in cranial and molecular characters uncorrelated with pelage color that support their recognition as separate species. In addition, the sympatric species are allocated to species-groups with distinct patterns of phylogeographic structure, suggesting that the phenotypic variability of the darkish and reddish sympatric forms has been modeled by distinct evolutionary histories.
The analysis of sympatric samples has provided an alternative approach for evaluating previous hypotheses of differentiation proposed on the basis of allopatric samples. This approach is advantageous because it excludes the geographic component of variation and therefore the criterion of reproductive isolation can be precisely evaluated (Mayr and Ashlock 1991) . Analyses of other examples of reported sympatry of closely related forms might reveal genetic discontinuities as well as provide more objective criteria for species delimitation in South American sigmodontine rodent systematics.
RESUMO
A delimitação de espécies no gênero Oxymycterus tem sido controvertida devido às dificuldades na detecção de descontinuidades em caracteres morfológicos e citogenéticos. Conseqüentemente, vários autores têm considerado algumas espécies descritas do Brasil, incluindo O. dasytrichus, como sinônimos de O. rufus. Recentemente, um arranjo taxonômico alternativo baseado na análise morfológica de amostras alopátricas reconheceu O. rufus e O. dasytrichus como espécies válidas dentro de grupos de espécies distintos, proporcionando uma hipótese alternativa sobre a diversidade de espécies dentro do gênero. Duas formas simpátricas de Oxymycterus de Viçosa, Estado de Minas Gerais, são fenotipicamente similares a membros dos grupos de espécies rufus, dasytrichus e judex. A investigação do status destas populaçõ oes e de suas relaçõ oes a estes grupos de espécies nos possibilitou testar a hipótese nula sobre a diversidade dentro do gênero. Análises morfométricas, morfológicas e moleculares (seqüências do gene citocromo b) incluindo amostras dos grupos rufus, dasytrichus e judex evidenciaram as duas formas simpátricas como espécies distintas, uma relacionada ao grupo dasytrichus e a outra ao grupo rufus. As estruturas de variação morfométrica e molecular dentro dos grupos de espécies corroboram um modelo de diferenciação fenotípica relacionada ao isolamento pela distância em O. rufus e sugerem uma diferenciação geográfica gradual ao longo de um eixo norte-sul dentro do grupo dasytrichus. A relevância destes padrõ oes para a delimitação de espécies dentro destes grupos e a validade de O. dasytrichus e O. rufus são discutidas. 
